The irrigation area of Parsanga is located in Sumenep Regency, Madura Island of Indonesia. This irrigation area is 500 ha and the existing cropping pattern is paddy-paddy-second crop. There is water discharge deficiency due to the existing cropping pattern mainly in the dry season. Thus, this study intends to optimize the cropping pattern for 3 condition so that it can produce the maximum benefit of agricultural product. The first cropping pattern is paddy/second crop-second crop-paddy/second crop; the second proposition is paddy/second crop -paddy/second crop-second crop; and the third proposition is paddy-second crop-paddy/second crop. The optimization analysis is carried out by using the linear programming. The suggested three cropping patterns are not only able to solve the water deficiency; they can also present the more production benefit than the existing condition.
INTRODUCTION
Management of water resources is not an easy job mainly when the problem is as the national wide. It becomes harder if an area is considered unstable or when the events and climate are unpredictably [INWRDAM 2001 ]. The regional decision making is considered to a variety of the technical aspects that need to have to be decided. It is an interplayed of the factual base of information about the system, the methods to process this information and the interpretation of the results [GUPTA, ZAAG 2007; PAVONI et al. 2001] . The main objective of water resources management is to solve the formula of demand and supply of water resource for a specific area taking into account various dimensions like space, time, economy, politics, environment, and other aspects. Also, water management means the reconciliation of all users, preservation of water and related land resources, and previous of enough water for constantly expanding needs [GUPTA et al. 2010; LIMANTARA 2010a] .
Some rivers in Indonesia were progressive developed latterly. The restriction of surface water resources, mainly in the dry season intensify the need for an optimum capacity and operation for the multi purposes reservoir systems [GAKPO et al. 2006; SAT-TARI et al. 2006] . Furthermore, the monitoring of surface water resources in the terms of quantity is necessary to determine the availability of water, to verify the norms of consumption (e.g. for irrigation) and to calculate the load of substances leaving the catchment [MIATKOWSKI, SMARZYŃSKA 2017] . Thus, it is needed to allocate the water use as efficient as possible. To reach this target, it is needed to make a system model for the optimization. Optimization analysis would give more information for allocating the water of each objective function [HOESEIN, LIMANTARA 2010] .
Agricultural sector is a key driver in the worldwide economic and social development. It plays a substantial role in achieving, among other, food security, economic diversification, poverty eradication, and human welfare. Its role is highly emphasized while the international community, in particular developing countries, is struggling to cope with the impacts of the climate change and the implementation of response measures in a sustainable manner. The adjustment of planting dates and crop variety, and crop re-allocation are among the selected planned adaptation actions in the agricultural sector [IPCC 2007 ]. Due to the rapid change in population and urbanization, land and water resources are becoming very limited. Subsequently, crop optimization has received extensive attention in recent years and mathematical models have been developed to determine the optimal use of the available resources for maximizing the net benefits subjected to some constraints [ABDULKADER et al. 2012] .
The various modelling approaches have been applied to optimize the cropping pattern worldwide including the linear and nonlinear optimization models [HAOUARI, AZAIEZ 2001; KAUR et al. 2010; MON-TAZAR, RAHIMIKOB 2008; SINGH et al. 2001] , deterministic linear programming and chance-constrained linear programming models [SETHI et al. 2006] , the interactive fuzzy multi-objective optimization approach [ZHOU et al. 2007] , the goal program approach [VIVEKANADAN et al. 2009 ], the multi-objective fractious. The various techniques for optimization have been developed for making the most efficient use of the available resources. Among these different models, linear programming has been found to be one of the best and simple techniques for optimizing an irrigated area where various crops are competing for a limited quantity of land and water resources [OSA-MA et al. 2017] .
Parsanga has the area irrigation of 500 ha. Irrigation network of Parsanga is located in the authority area of the Water Resource General Work Institution of Sumenep Regency. The problem is there is deviation of the cropping pattern balance due to the less attention of water availability. Therefore, it is directly happened the waste of water use which causes the wild tapping anywhere [PRIYANTORO, LIMANTARA 2011] . Based on the problem as above, it is seen necessary to carry out the optimization of agricultural area for improving the agricultural system in recent year by optimizing the area and the available water discharge. Besides that, it is hoped to produce the maximal agricultural product benefit.
MATERIALS AND METHOD
The irrigation network of Parsanga is located in the catchment area of Anjuk River. However, administratively, it is located in the 3 district areas which The methodology in this study consists of the analysis of rainfall, discharge, crop water requirement, irrigation water requirement, water need at intake, water balance for determining the available discharge that can fulfil the need or not; and the optimization of cropping pattern. The optimization of water allocation on the tertiary plot is carried out by using the Linear Programming with the objective function is to maximize the production yield and the constraints are the water availability and irrigation water requirement. Type of discharge which is used in this study is the dependable discharge of 80% which is as one of the constraints. However, cropping pattern means as a schedule with terms of cropping. Each cropping pattern consists of three cropping periods that mentions as the cropping season. Due to the discharge constraint, there is carried out the optimization analysis with the scenario of 4 cropping pattern as follow : 1) 
IRRIGATION WATER REQUIREMENT
Irrigation water requirement is an amount of water which is needed by the crop on the optimal growth condition without water deficiency and it is expressed as the net from requirement (NFR). NFR means as the net water requirement for irrigation.
WATER BALANCE METHOD
Irrigation water requirement (on the rice field) is as follow: a) for paddy:
b) for the second crop:
Where: NFR = water need on the rice field (1 mmꞏday -1 ꞏ 10,000/(24ꞏ60ꞏ60) = 0.11 dm 3 ꞏs -1
•ha -1 ); Cu = crop water requirement (mmꞏday -1 ); Pd = water need for land processing (mmꞏday -1 ); NR = water need for nursery (mmꞏday -1 ); P = percolation (mmꞏday -1 ); R eff = effective rainfall (mmꞏday -1 ).
CROPPING PATTERN
Cropping pattern is an activity of regulating time, place, type, and crop area in the irrigation area. However, the aim of cropping pattern is to make the use of irrigation water availability as efficient as possible so the crop can well grow.
DEPENDABLE DISCHARGE
The fulfilled possibility is determined in amount of 80%. It means that the possibility of river discharge under the dependable discharge is 20%. The dependable discharge in this study is analysed for half monthly period. The average discharge of river is analysed based on the data of daily river discharge. The procedure of dependable discharge analysis is as follow [LIMANTARA 2010c ]: 1) to analyse the average of discharge every year; 2) to rank the data from the biggest to the smallest one; 3) to analyse the probability of each data by using the formula of Weibull as follow [LIMANTARA 2010c ]:
Where: p = probability (%); m = number of discharge data; n = the amount of data.
OPTIMIZATION
This study uses the method of linear programming. It is based on the consideration that Linear Programming is simple enough on the formulation as well as the stage of solving, so it does not need the SOETOPO 2011] . The selection of the method is due to the use of Linear Programming which has the some advantages as follow [LIMANTARA 2010b; 2011] : 1) this method can be used for solving a system with many enough of variables and constraints; 2) the using of this method is easy and in addition it is supported by the many program packages that have been circulated; 3) the mathematical functions are simple; and 4) the result is good enough.
LINEAR PROGRAMMING
Decision variable is as the variable which will be found and giving the best value for the aim that will be reached. However, objective function is a mathematical function which has to be maximized or minimized and it reflects the aim that will be reached [LI-MANTARA, SOETOPO 2011 ]. The mathematical model of linear programming is as follow:
Where: Z = objective function (in this study is to maximize the benefit of agricultural yield) (Rp); c n = net benefit of rice field yield (Rp•ha -1 ); x n = irrigation area (ha).
Constraint is as a mathematical function which becomes as the constraint for making effort to maximize or minimize the objective function and it represents the constraint which has to be reached.
CONSTRAINT OF DISCHARGE VOLUME

∑
( 5 ) and x n ≥ 0
Where: x n = variable (in this study is the irrigation area) (ha); a mn = constant (in this study is the volume of irrigation water requirement) (m 3 •ha -1 ); b m = volume of the water availability (m 3 ); c n = net benefit of the irrigated area/rice field (Rp•ha -1 ); m = the amount of constraint; n = the amount of decision variable.
Where: X 1 = area of the rice field (ha); X 2 = area of the second crop field (ha); X m = the available area (ha).
RESULTS AND DISCUSSION
ANALYSIS OF RAINFALL DATA
The evaluation of data accuracy and the relation among the stations is carried out by using the consistency test based on the double mass curve. This method is comparing the yearly rainfall cumulative from one station with the average of the other stations on the same year [LIMANTARA 2010c] . For example, the consistency test for the rainfall station 1 (Parsanga) is compared to the average cumulative of the other three rainfall stations (Sumenep city, Kebonagung, Manding) and it is presented in the Figure 3 . There are also carried out each for the other 3 rainfall stations with the same procedure. The accuracy of data and the relation among the stations can be seen from the value of determination coefficient. If the determination coefficient is increasingly close to 100%, so the data of every station is assumed accurate and it is related with the other station. The result of consistency test is presented as in the Table 1 . The dependable and effective rainfall are analysed based on the 10 daily rainfall of the average monthly rainfall during the last 10 years (from 2004 until 2013) from the 4 rainfall stations as mentioned above. The effective rainfall is analysed by using the basic year method which the steps as follow: 1) the yearly rainfall during 10 years are sorted from small to large. 2) to analyse R 80 for paddy and R 50 for the second crop with the formula as follow:
3) based on the result, there is determined the basic year of using the rainfall data for paddy and the second crop, as presented in the Table 2 ; for paddy is used the 3 rd rank of the year such as 2005 (R 80 ) and for the second crop is used the 6 th rank of the year such as 2011 (R 50 ). The effective rainfall for paddy is determined by 70% of dependable rainfall of 80% (R 80 ). However, for the second crop, it is analysed based on the actual evapotranspiration, rainfall, and water availability which can be used by the crop and it is based on the root depth. Analysis result of the dependable and effective rainfall is presented as in the Tables 2 and 3. 
ANALYSIS OF POTENTIAL EVAPOTRANSPIRATION
After obtaining the dependable and effective rainfall, then it is continued by analysing the potential evapotranspiration by using the Penman method. The climate data which is used is from 2004 until 2013 and the result is presented as in the Table 4 .
The dependable discharge is analysed by using Weibull formula with the steps are as follow: 1) to analyse the average discharge for every year; 2) to rank the data from small to large; 3) to analyse the probability of each data with the Weibull formula as follow (for example for discharge data on 2014 as in the Table 5 ); 100% 100% 9.09% etc. for the other data Where: p = probability (%); m = the serial number of data; N = the amount of data. Water from the Parsanga Dam is intended for irrigating the agricultural area in the Parsanga. Based on the analysis as in the Table 5 by using the Weibull formula, the probability of 80% is happened on the 2010, so the discharge data on the 2010 will be used for analysing the dependable discharge in the Parsanga. Table 6 presents the dependable discharge and discharge on 2010 in the Parsanga.
Analysis of water requirement for the land preparation is carried out by using the method of Van De Gor and the result is presented in the Table 7 . Explanations: n = time of real sun brightness in a day (hour), N = potential time of sun brightness in a day (12 hours). Source: own study. 
ANALYSIS OF IRRIGATION BENEFIT
Based on the existing cropping pattern, there are obtained the crop, rice field, and the intake water requirement. The water balance based on the dependable discharge of 80% is presented in the Figure 4 . It is seen that there is the water deficit in several month, so it is needed to be carried out the optimization of water allocation. The recapitulation of total water irrigation is presented in the Table 8 and the benefit of irrigation per ha is presented in the Table 9 . Table 10 presents the volume of available water in the Sentong secondary channel and Table 11 presents the irrigation water requirements. The two analysis results are needed for the input in the optimization analysis. Explanations: ET o = potential evapotranspiration, E o = evaporation during the land preparation, P = percolation, M = water need for the changing water loss due to the evapotranspiration and percolation in the saturated rice field; t = duration of land preparation; S = the need for saturating of upper layer; e = Napier's constant (2.71828); LP = water need for the land processing. Source: own study. Explanations: this net benefit of rice field per ha is suitable for the existing cropping pattern, and the proposition-1, -2, -3 of cropping pattern. Source: own study Explanations: the volume of available water (Q 2010 ) in the Sentong secondary channel is available for the existing cropping pattern, and the proposition-1, -2, -3 of cropping pattern. Source: own study. Table 12 presents the benefit per ha for paddy and the second crop. Explanation for objective function: Z = benefit of paddy (USDꞏha -1 ) ꞏ area of paddy (X n , ha) + benefit of second crop (USDꞏha -1 ꞏ area of second crop (X n , ha) Objective function for cropping seasons:
ANALYSIS OF OPTIMIZATION
757.99 213.13 Table 13 presents the list of variables which are used in the optimization model and Table 14 presents the list of each irrigation area in the Parsanga. Explanations: codes of irrigation area as in Table 13 . Source: own study.
CONSTRAINT FOR IRRIGATION WATER VOLUME ON THE SECONDARY CHANNEL OF PARSANGA
Dependable discharge of 80% and for irrigation area
The coefficients and constants of each constraint for the constraints of K1 until K12 are presented in the Table 10 and 11, however for the constraints K13 until K27 are presented in the Table 14 . K1 until K12 is the constraint for available discharge (dependable discharge which is hoped can be fulfilled the irrigation requirement). However, K13 until K27 is the constraint for the irrigation area. 
Constraint for irrigation water volume
Constraint for irrigation area:
Explanation for the constraint of irrigation area: Kn: constraint number: area for paddy (number variable -1, 2, … 15) + area for second crop (number variable -16, 17, … 30) ≤ available area (Tab. 14). K13 = X 1 + X 16 ≤ 9 K14 = X 2 + X 17 ≤ 39 K15 = X 3 + X 18 ≤ 22 K16 = X 4 + X 19 ≤ 51 K17 = X 5 + X 20 ≤ 31 K18 = X 6 + X 21 ≤ 22 K19 = X 7 + X 22 ≤ 24 K20 = X 8 + X 23 ≤ 16 K21 = X 9 + X 24 ≤ 6 K22 = X 10 + X 25 ≤ 105 K23 = X 11 + X 26 ≤ 15 K24 = X 12 + X 27 ≤ 6 K25 = X 13 + X 28 ≤ 47 K26 = X 14 + X 29 ≤ 47 K27 = X 15 + X 30 ≤ 60
The process of optimization analysis in this study is using the linear programming with the solver facility of Microsoft Excel. By inserting the parameters value of objective function and constraints, it will produce the results such as the components of variable and the value of objective function. Optimization analysis is carried out by inserting the dependable discharge of 80% and the results for each condition of cropping pattern are presented as in the Table 15 . The recapitulation for optimization result for the water allocation and irrigation area is presented as in the Table 16 . 
CONCLUSIONS
1. Based on the basic year method which is analysed by using the rainfall data from 2004 until 2013, the dependable rainfall for paddy (R 80 ) is happened on the 2005 with the yearly rainfall is 1,019 mm. However, the dependable rainfall for the second crop (R 50 ) is happened on the 2011 with the yearly rainfall is 1,023 mm. Then, the analysis of effective rainfall for paddy and the second crop are based on the result as above.
2. Based on the data analysis by using the Weibull method, it is obtained the dependable discharge of 80% in the Parsanga irrigation area is in amount of 0.572 m 3 •s -1 . The basic year of the dependable discharge is on the 2010.
3. The maximum benefit is obtained from the proposition-2 cropping pattern (paddy/second croppaddy/second crop -second crop) that produces the benefit in amount of USD 1,442,631.03.
